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ABSTRACT 
Factors Influencing Germination and Seedling 
Survival of Several Varieties of 
Astragalus lentiginosus Dougl. 
by 
Paul Ziemkiewicz, Master of Science 
Utah State University, 1975 
Major Professor: Dr. Eugene H. Cronin 
Department: Range Science 
Astragalus lentiginosus, which consists of 36 var-
ieties, is one of the principal locoweeds of western 
North America. The objectives of this study included 
identification of some of the major factors affecting 
germination of the seed and survival of the newly estab-
lished seedlings for several of these varieties. 
The seeds of the varieties studied exhibited two 
mechanisms for dormancy. One is a seed coat that is im-
permeable to water, and the other is a water-leachable 
inhibitor. The presence or absence of low-intensity incan-
descent light (in 14-hour daylengths) had no effect on 
germination. Of three temperature regimes studied, the 
regime 7/13 C proved optimal for both total and rapid rate 
of germination. However, though germinating at lower rates, 
weeds at -1/4 C and 21/27 C both ultimately reached 
ix 
high percentages of germination. Germination decreased 
linearly with increasing salin'ty to almost zero in NaCl 
solutions of -8.52 bars water potential. Variety araenosus, 
collected in a salt desert shrub vegetation type showed the 
highest germination at low temperatures and the greatest 
salinity tolerance. 
Seedling survival work was done with both pre-estab­
lished and established seedlings at the cotyledon to five 
leaflet stages of development. Seedlings were considered 
pre-established from the time of germination until the 
cotyledons were completely unfolded. Afterwards, the seed­
lings were considered established. 
Germination and survival of pre-established seedlings 
were inhibited by day temperatures of 21 C under laboratory 
conditions. Maximum emergence and survival occurred at the 
low temperature regime of 4/13 C. However, seedlings of 
the three to five leaflet stages grew best at day temper­
atures of 30 C; growth was substantially lower at lower 
temperatures. 
Seedlings of var. araenosus displayed the most rapid 
rate of root growth at 7/12 C while roots of var. vitreus 
grew at a rate nearly 50 percent lower. 
(88 pages) 
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INTRODUCTION 
Long before 1873 when it first received formal 
attention from the Commissioner of Agriculture, a disease 
known as locoism had been recognized. Locoism was known 
to occur in the Rocky Mountains westward to the sea and 
from British Columbia south into Texas and Mexico. The 
names loco poisoning or locoism were derived from the 
Spanish word for crazy which vividly describes the signs 
of poisoning. Locoism was not clearly characterized until 
Marsh's (1909) investigation. Poisoning occurs when live-
stock ingest certain species of Astragalus and Oxytropis. 
Slowly, the association between locoism and the responsible 
species emerged, but the identity and structure of the toxic 
principle remains obscure (Kingsbury, 1964). 
Kingsbury (1969) reported that cattle, sheep, goats, 
and horses had been poisoned by locoweed. The time between 
onset of symptoms and death has been reported to be much 
shorter in horses than in other domestic animals. James 
(1974) reported that antelope, deer, and elk in Wyoming had 
been locoed. And domestic bees have sustained serious losses 
after working the flowers of "spotted loco" in Nevada 
(Science Service, 1934). 
In many areas of the West the incidence of locoism 
has been so high as to prevent grazing. Marsh wrote, 
losses of horses, especially in parts of 
Texas and Arizona have been very large at times 
while in some parts of Montana, Colorado, Nebraska, 
and Kansas because of the large number that die of 
the disease, it has been found impossible to run 
horses freely upon the range. (Marsh, 1919) 
The stems and leaves of the locoweed are poisonous. 
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All parts of the plants are dangerous throughout the year, 
though losses are highest in the spring when other forage 
is scarce. Once livestock become locoed they may recover 
if removed immediately from the infested range and placed 
in enclosed pasture (Stoddart and Smith, 1955). However, 
these animals will seek out locoweed if returned to in-
fested range (Kingsbury, 1964). 
Barneby (1964) listed 368 species of North American 
Astragali. Many species of Astragalus are not poisonous 
and, indeed, may be valuable soil building or forage plants. 
The toxic Astragali can be classified as selenium accumu-
lators, acutely toxic species, and locoweeds. 
Selenium accumulators are indigenous to selenium-bear-
ing soils according to Trelease and Beath (1949). They 
list 21 obligate selenophilic species of Astragalus. Among 
the most troublesome are Astragalus bisulcatus, Astragalus 
racemosus, Astragalus pectinatus, and Astragalus pattersonii. 
In the acutely toxic species the toxic principles are 
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a variety of nitrocompounds. These compounds are converted 
to nitrite in the animal's bloodstream. Signs of poisoning 
are muscular incoordination and respiratory failure followed 
rapidly by death (Cronin, et al., 1974). The most notorious 
species in this category is Astragalus miser, the timber 
milkvetch. Within this species are eight varieties, three 
of which (var. oblongifolius, hylophilus, and serotinus) con­
tain the organic nitrite misertoxin. Variety serotinus has 
been blamed for "more losses in livestock in British Columbia 
than all other poisonous plants combined." (Barneby, 1964, 
p. 232). Other nitrocompound accumulators are Astragalus
'convallarius, Astragalus canadensis, and Astragalus cibarius 
(Williams and Parker, 1974). 
Locoweeds are unusual in that animals at first find 
them distasteful, but all classes of livestock may, if led 
to eating them by hunger, develop a craving for them and 
seek out locoweed to the exclusion of more palatable forage. 
Locoweeds are probably as 9angerous a group of plants as 
occur in the West. The poison is accumulative and animals 
eating only small daily amounts of locoweed may be poisoned, 
although very large quantities are necessary to produce 
symptoms (Stoddart and Smith, 1955). Locoweeds include species 
of both Ast�agalus and Oxytrop1s. The following list in­
cludes the known locoweeds but is probably incomplete: 
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A. mollissimus, !· lentiginosu s, !· earlei, !· wooto nii, 
A. nothoxys, !· thurberi, !· argophylus, Oxytropis lambertii, 
and Q. sericea (Kingsbury, 1964). 
Astragalus lentiginosus, the freckled locoweed, was 
chosen for this study. It is one of the important loco-
weeds in Utah and is widely distributed over the West 
(Map 1). !· lentiginosus is dispersed over a great part 
of the Columbia and Great Basins, the Colorado Plateau, 
and the deserts of southeastern California and Arizona, 
whence they extend a short way into northern Mexico (Barneby, 
1964). A. lentiginosus is an excessively polymorphic com-
plex of 36 recognized varieties. Five of these varieties 
were used in this study. 
Local endemism is a feature of the genus Astraglus 
as is the ability to survive situations and soils inhospit-
able to most plant life (Barneby, 1964). 
The ability to survive and subsequently to · 
require a difficult environment has enabled members 
of the genus to colonize a great variety of raw, 
newly exposed, often unpromising habitats. It is 
perhaps not over-fanciful to imagine that it is 
this propensity, together with the selective action 
of new and exacting circumstances upon pioneer popu-
lations, that has set the stage for the prolifer-
ation of species and at the same time determined the 
patterns of narrow endemism which are a feature of 
the genus at large. (Barneby, 1964, p. 28) 
The ecological life history approach to species dynamics 
has yielded valuable information about the interactions of 

Figure 1. The range of Astragalus lentiginosus includ-
ing the ranges of the five varieties of A. 
lentiginosus used in this study. Underlined 
triangles indicate seed collection sites for 
each variety. 
... = 
A= 
, -= 
A= 
<I = 
Delimits the range of all varieties 
of Astrag~lus lentiginosus. 
Var . araenosus 
Var. austral is 
Var. salinus 
Var. scorpion is 
Var. vitreus 
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plants and their environment. Thi s method has been 
outlined by Pelton (1953) and West (1968). This study 
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is confined to the germination and seedling phases of the 
life cycle of A. lentiginosus. Harper (1967) indicated 
that germination and seedling establishment are often con-
sidered the most hazardous stages of the life cycle. Due 
to the critical nature of the germination and seedling 
stages in determining the nature of later populations, 
thjs study was confined to intensive investigation of these 
phases of the life cycle under various environme ntal stresses. 
The goal is to learn whether these varieties, from widely 
divergent habitats and environments, have developed differ-
ential responses to environmental stress. It is hoped that 
knowledge gained by these laboratory studies will illuminate 
the factors contributing to population dynamics of this 
species and perhaps genus. 
REVIEW OF LITERATURE 
Detailed germination studies have been conducted on 
only Oxytropis sericea and three species of Astragalus. 
8 
Baskin and Quarterman (1969) have studied the germin-
ation of Astragalus tennesseensis, an endemic of cedar 
glades in Kentucky and Tennessee. They found that A. ten-
nesseensis possesses embryonic dormancy in the form of a 
seed coat that is impermeable to water as well as an inhib-
itory substance in the seed coat itself. Optimal germination 
was found to occur at 25 C. 
Green (1973), studying Astragalus cibarius and!· utah-
ensis, found both an impermeable seed coat and evidence of 
an inhibitory substance in the seed. He found that by scari-
fying the seed coat with sandpaper the seeds were able to 
imbibe water and thus germination was enhanced. He also found 
that leaching the seeds in water promoted germination, pre-
sumably through dilution of the inhibitor. 
Payne (1957) found that unscarified seeds of Oxytropis 
sericea in Petri plates on filter paper and those planted in flats 
containing sand germinated at a rate of about 9 percent after 30 
days. Seeds in Petri dishes were observed for an additional 70 
days at which time a total of 15 percent of the seeds had ger-
minated. In another experiment seeds were planted in flats 
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filled with sand and watered in th e greenhouse for 20 days 
during which time germination was counted. The flats were 
then placed in a room approximating outdoor temperatures 
and allowed to remain dry until the next year when the process 
was repeated. After 5 years a total of 6.3 percent of the 
seeds had germinated. By taking soil samples from a range 
infested with 0. seric~a he calculated that the soil seed 
bank was capable of producing 0.9 seedlings per square foot 
of range. This work indicates that 0. sericea produces a 
large percentage of dormant seeds that remain viable for 
years in the soil, and only a small percentage germinates 
each year. 
All previous work on Astragalus and 0xytropis seed-
ling survival has been done under uncontrolled field con-
ditions. Water stress has been implicated as the major cause 
of mortality. Baskin, et al (1972) reported a loss of 78 per-
cent of all seedlings of A. tennesseensis from 19 March to 25 
September of the same year. Payne (1957) noted that of 346 
seedlings of 0. sericea present in the spring only 11, or 3.1 
percent, were alive the following spring. Green (1973), with 
initial sample sizes of 25 and 23 seedlings, reported survivor-
ship rates of 56 and 42 percent for~- cibarius and A. utah-
ensis, respectively, over a year's time. 
A plant's water potential is an integration of a 
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number of environmental factors ope rating si mult aneous ly 
on the plant. These include radiation budget, wind speed, 
ambient air water potential, and soil water potential. It 
is beyond the scope of this study to isolate these factors, 
so the plant water potential will be used as our measure of 
environmentally-imposed water stress on the plant. 
Water potential is a measure of the free energy of 
water. In a living plant the water potential may be parti-
tioned into three components: 
~=~TI+ ~T + ~p 
where: 
~ = water potential 
~TI = osmotic potential 
~T = matric potential 
~p = pressure potential 
Recent work has been done relating leaf water poten-
tial to leaf pressure potential. Noy-Meir and Ginzburg 
(1969) working with mature plants of Atriplex halimus, 
Ceratonia siliqua and Plantanus orientalis as well as Brown 
(1974) in his work with Bromus inermis and Agropyron inter-
medium found similar results. As leaf water content declined 
pressure potential dropped, becoming negative and at a minimum 
point began to rise to zero. Noy-Meir and Ginzburg (1969) 
ascribe the negative pressure potentials to a specific elas-
ticity in the cell wall, which upon loss of the cell's water, 
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exerted tension on the cytoplas . At the point where the 
cells began to plasmolize this tension was eliminated and 
overall pressure potential began to rise. Thus, the nadir 
of the water potential-pressure potential curve might be 
taken as that point where water stress began to cause cell 
death (Noy-Meir and Ginzburg, 1969; Brown, 1974). 
In order for plants to absorb moisture from the soil 
they must maintain a lower water potential than the ambient 
soil. Noy-Meir and Ginzburg (1969) suggest that drought 
resistant species may possess one of two pathways to reduce 
water potential under drought conditions. One such mechan-
ism is found in Ceratonia siliqua, a plant which has small, 
rigid-walled cells. As the water potential declined, pressure 
potential dropped sharply to -21 atm before returning to zero. 
They postulated that this negative pressure was a means of 
avoiding high salt concentrations in the cells while still 
maintaining low water potentials. The other pathway was 
postulated to exist for Atriplex halimus which possesses 
large thin-walled cells. As this species lost water, pres-
sure potential declined more gradually than in Ceratonia 
and reached a minimum of -14 atm. Atriplex, supposedly more 
salt tolerant, thus achieves lower internal water potentials 
through decreased osmotic potentials. However, both matric 
and negative pressure potentials also contribute to the water 
potential depression in Atriplex. 
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Only Brown (1974) has used p s y chrometric te ch niques 
to isolate pressure potential from overall water potential 
of plants. His comparison of the water potential-pres sure 
potential curves for Agropyron intermedium and Bromus in-
ermis indicate that both species reach zero bar pressure 
potential, or "physiological wilting" at approximately -18.5 
bars water potential. The nadir of the water potential-
pressure potential curve, the point of "protoplasmic col-
lapse," for both species was -46 bars water potential. 
Separation of pressure potential from osmotic and 
matric potentials yields two critical points in the water 
relations of plants. First, the "physiological wilting" 
point of the plant can be determined. Given suffi ciently 
large sample sizes and sensitive methods, it may be possible 
to classify a species' ability to maintain positive pressure 
potentials and thus cell enlargement (Wiebe, 1972) at given 
plant water potentials. Secondly, the point of "protoplasmic 
collapse" defines the plant water potential at which death 
of individual cells occurs. Species might, therefo re, be 
classified on their ability to grow or survive at low water 
potentials. Thus, we have a quantitative assessment of 
species' drought hardiness. By applying this technique to 
seedlings we have what may prove to be a powerful tool for 
classifying species on their potential to survive and grow 
under various degrees of water stress. 
MATERIALS AND METHODS 
The data present ed in this study were obtained 
directly or indirect ly from field collect ions of seed . 
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. Seed were collected from small areas encompassing a uni-
form population of an individual variety of~- lent igi~-
osus. Varietal identi ficahoi1 oI (Jach population was rnn.clP 
from plants grown to maturit ~ 1n the greenhouse under 
uniform conditions. Greenh ou~e grown voucher spec im ens 
of the varieties used in this study were submit t e d to the 
Intermountain Herbarium, Utah State Uni versi ty, Logan, Utah . 
Mature pods were collected from selected populations, 
transported to the Poisonous Plant Research Laboratory, air 
dried, and threshed. Seeds collected before 1974 were stored 
in the laboratory at room temperature. In 1974 seed were 
transferred to a refrigerator at 4 C. Seed colle cted in 
19 74 were stored in the refrigerator immediately after 
threshing. 
Seed were subjected to various pregermination treat-
ments. These treatments included surface sterilization, 
scarification, and leaching. Surface scarification was 
accomplished by rubbing the seeds between two sheets of 
sandpaper and selecting seeds which were visibly abraded. 
Small injuries to the embryo did not seem to seriously 
affect the embryo's vigor on germinating. Seed s were 
leached by first scarifying and then placing them in a 
cheesecloth sack in a beaker under running water for 24 
hours. 
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Some experiments required use of the leachates from 
the seeds. The leachate was prepared by placing a known 
number of seeds in a liter of distilled water and stir-
ring for 24 hours. The resulting supernatant liquid was 
decanted and stored at 4 C in sealed flasks. Relative 
concentration of the leachate is expressed as the number 
of seeds per ml of water. 
Light intensity was measured with a Lambda Instru-
ments quantum sensor model LI- 190SR with a response 
curve approximating that of the photosynthetic action 
spectrum (400 - 700 nm). Units of light intensity are 
given in microeinstiens meter- 2 second-l (µEm- 2 s- 1 ). 
Early growth of the plant 
Germination. Seeds of A. lentiginosus are hard, 
black to olive colored with a dull pitted surface. They 
are roughly ovoid, flattened laterally and measure 1.0 mm 
to 1.5 mm x 2.0 mm to 3.0 mm. The seeds swell to approx-
imately twice their original size when fully imbibed. 
When allowed to imbibe on moist filter paper many of 
the seeds secrete a dark green to brownish substance. 
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Depending on the favorabilit y o the environm e t, the 
radicle pushes through the seed coat within 1 to 5 days 
after imbibition. After the radicle is nearly 2 mm long 
it displays positive geotropism and begins rapid elong-
ation. Simultaneously , the hypocotyl elongates, thrust-
ing the still enclosed cotyledons through to the soil 
surface. The cotyledons shed the seed coat and open 
shortly after exposure to light. In darkness the hypo-
cotyl continues to etiolate and the cotyledons remain en-
closed by the seed coat. 
Emergence of the radicle nearly always preceded 
further growth of th e seedling. Therefore, for the pur-
poses of this study, germination is defined as that point 
at which the radicle has emerged 2 mm beyond the seed coat. 
Seedling developmen t . For the purpose of conven-
ience in delimiting growth stages, the seedling in the 
soil will be considered to have become established when 
the cotyledons are fully unfolded. The seedling prior to 
this development will be termed the pre-established seed-
ling. 
Soon after the cotyledons have unfolded, the first 
true leaf appears. This leaf usually consists of three 
leaflets, rarely two leaflets. The seedling produces one 
to three of these three leaflet leaves, then one or two 
leaves with five leaflets. These stages are followed in 
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what will subjectively be called mature seedlings by seven-
leaflet leaves. Though the numbers of each type of leaf 
vary they always follow the order described above and as 
such prove to be a conv e nien t indicator an d reference to 
the seedling's developmental stage. Established seedlings 
will, therefore, be referred to as being in the cotyledon, 
three-leaflet or five-leaflet stage. 
The results of all experiments were subjected to 
analysis of variance. Where appropriate Duncan's multiple 
range test was conducted (Ostle, 1963). 
Description of varieties 
The varieties of A. lentiginosus selected for study 
were araenosus, australis, salinus, scorpibnis, and vitreus 
(Figure 1). Following is a short description of the collec-
tion site and a description of the distribution and typical 
habitat from Barneby (1964). 
Variety araenosus (Sheld.) Barneby, is found on gravelly 
banks, washed, gullied foothills and valley floors with sage-
brush or juniper, commonly but not exclusively in alkaline 
soils. Variety araenosus is found between 1,433 and 2,195 m 
elevation forming colonies and is sometimes locally abundant. 
This variety is found over western Utah where its range ex-
tends across the Salt Lake and Sevier Deserts into the valleys 
of northeastern and central Nevada. 
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The seed was collected on 5 June, 1974, near Callao, 
Juab County, Utah, at 1,323 m elevation along an irrigation 
canal amidst salt desert shrub vegetation. 
Variety australis Barneby, is found in open desert, 
sandy playas, and bajadas between 677 and 1,308 m elevation. 
It is found in association with Larrea, Carnegiea gigantea, 
or in yucca-grassland. It is locally plentiful in south-
eastern Arizona, south of the Gila River and eastward from 
the Papago Indian Reservation, east through southwestern 
New Mexico to the Rio Grande in Dona Ana County. From there 
its range extends south just into Sonora and Chihuahua. 
The seed for this experiment was collected in June 1970 
4.8 kilometers south of Holbrook, Navajo County, Arizona, at 
923 m elevation. The variety was found associated with 
Larrea tridentata and Hilaria jamesii. 
Variety salinus (Howell) Barneby, frequents dry hill-
sides among sagebrush, alkaline fla~s, and depressions on 
sagebrush plains. It is found between 708 and 2,585 m ele-
vation, sometimes forming extensive colonies from trans-
montane Oregon east up the Snake River Plains into the 
delimiting foothills. Its range extends southward through 
eastern Nevada to Lincoln County, and thence eastward over 
the Escalante Desert in Iron and Beaver Counties, Utah, where 
it is locally abundant. 
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The seed collections were made on 30 October, 1973, 
and 25 August, 1974, on the east slope of the Muddy Range, 
Box Elder County, Utah. The population was growing at 1,969 
m elevation amidst sagebrush and Great Basin wildrye. 
Variety scorpionis Jones, is found on open rocky crests, 
mountain meadows, and brushy hillsides, mostly in limestone 
or limey clay soils ascending from the upper edge of the 
sagebrush zone to near timberline between 2,154 and 3,385 m 
elevation. This variety is locally plentiful in scattered 
stations in the Ruby, White Pine, and Grant Ranges in east 
central Nevada, east to the Deep Creek Range in Juab County, 
Utah. 
Seeds of this variety were collected far from its known 
range at Minersville Reservoir, Beaver County, Utah, at 1,692 
m elevation on 5 June, 1974. Plants of variety scorpionis 
grew there in abundance and with sagebrush formed nearly 100 
percent of the vegetation on this highly deteriorated range. 
Variety vitreus Barneby, is found in gullied badlands 
and desert flats in sand or clay derived from sandstone 
occasionally in volcanic gravel. This variety grows between 
846 and 1,938 m elevation. It is locally common in the val-
leys of the upper Virgin River and Kanab Creek south to the 
north slope of the Kaibab Plateau in Washington County and 
southern Kane County, Utah. 
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Its range extends into north-
western Arizona in Mojave and Coconino Counties. 
These collections were out of the known range of this 
variety. Seeds were collected in June, 1969, and 6 June, 
1974, on Coyote Benches in the Henry Mountains of Garfield 
County, Utah, at an elevation of 1,940 m. The plants were 
found on a large pinion-juniper chaining that had been seeded 
to crested wheatgrass. 
Germination 
Seed dormancy 
Payne (1957) found that seeds of Oxytropis sericea 
displayed a high incidence of seed dormancy and longevity. 
Field observations indicate that the same mechanisms probably 
contribute to the complexity of the A. lent iginosus problems 
for the livestock industry. 
With myriad seeds in the soil, it is critical to under-
stand the factors controlling dormancy. The nature of seed 
dormancy is often highly complex and several mechanisms can 
block the process of germination. Among these blocking 
mechanisms are impermeability of the seed coat to water or 
air, endogenous inhibitors and pregermination requirements. 
The following experiments were conducted to evaluate possible 
mechanisms of seed dormancy in A. lentiginosus. 
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In order t o test the effect on imbibit ion of the 
intact seed coat versus that of the scarified seed coat, 
five replications of 50 seeds ea ch for three varieties were 
subjected to two treatments. One treatme nt consisted of 
scarified seeds and the other of unscarified seeds, Seeds 
of the varieties australis, salinus, and vitreus 4, 1, and 
5 years old, respectively , were used. These were placed in 
Petri plates in 5 ml of distilled water and kept at 4 C 
for three months. Total number of imbibed seeds were then 
counted. 
To examine the effect of internally produced substances 
on germination of the 6-month-old seeds of var. salinus, a 
leachate was prepared. Simultan eously a quantity of scari-
fied seed was leached for 24 hours. Half of these leached 
seeds were then plac e in distilled water and half of them 
in the leachate. Five ml quantities of both water and leach-
ate were used to moisten the filter paper in the Petri dishes 
for the respective treatments. Each treatment was carried 
out with ten replications of 25 seeds each and the seeds 
were kept in the dark at a 10 -h our low/ 14-hour high temper-
ature regime of 0/15 C. 
Another experiment was carried out again with 6-month-
old seed of var. salinus. Three concentrations of leachate 
were prepared. The concentration was determined for relative 
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purpo ses by th e numbe r of seeds per ml of dis t il l e d water 
that we n t int o making the leachate. Thus, s olutions of 10 
seed s/ml, 4.13 seeds/ml, and 3.36 seeds/ml were pr epared 
and ad ded in aliquotes of 5 ml/plate to the seeds . Again 
10 r eplications were used per treatment and as i n the pre-
vi ou s experiment, the seeds were kept in the dark at 0/15 C . 
See ds of varieties australis and vitreus, 5 a nd 4 
years old, respectively, were subjected to tw o tre atments 
in 10 replications of 25 seeds each. In one tr e at ment seeds 
of each variety were scari fied and placed in Petri dish es 
containing 5 ml of leachate prepared from the same variety. 
The other treatment consisted of scarified seed s of each 
v ar iety placed in 5 ml of distilled water in Pe tri plates. 
Se e ds were kept at a 10-hour low/14-hour high tem perature 
alternation of 0/15 C in the dark. Germinations were 
co unted at 2-day intervals for 9 days. 
The lettuce hypocotyl test described by Fra n k land and 
War eing (1960) was conducted using leachates prep ared from 
varieties austral is, salinus, and vi tr 'eus. 
To determine whether exchange of endogenous substances 
migh t affect seeds germinating in soil an d thu s i nfluence 
the patter n o f germination, seeds were pla nted at various 
inte r va l s. Twenty scarified 8-rnonth-old se eds of var. 
vitreu s were pl a nted 1 cm deep in sand in four replications 
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at intervals of 0, 0.65, ~1d l.J0 ~m. Each interval 
was accomplished by forming a 1 cm deep trough and placing 
the seeds at the given intervals in the trough. The seeds 
at the 0 cm interval were simply piled together in a single 
mass. The troughs were separated by acetate strips which 
penetrated to the bottom of the sand-filled flat to prevent 
the flow of solutes between rows. The flat was placed in 
the incubator at the 10-hour night/14-hour day temperature 
alternation of 4/13 C. 
Secondary dormancy i s that dormancy which some seeds 
display after they have imbibed water and without germina-
ting have dried out again. Koller (1972) points out that 
the germination requirements imposed after a seed enters 
secondary dormancy may be quite different from those prior 
to secondary dormancy . To test whether the drying of imbibed 
seeds induced this type of dormancy in a variety of!· lentig-
inosus, six lots of 20 scarified, 8-month-old seed of var. 
scorpionis were prepared. To three Petri dishes were added 
3 ml of water which remained uncovered for 12 hours by which 
time the seeds were dry again. This procedure was repeated 
once and then all six plates were treated with 10 ml of 
water and covered. These were placed in the growth chamber 
at a 10-hour night/14-hour day 4/7 C temperatur e alternation. 
Total germination was counted 11 days later. 
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Effects of tempe rature and :...ig11t 
These two factors were examined as a 3 x 2 fact orial 
with three 10-hour night/14-hour day temperature regi mes 
of -1/4 , 4/7, and 7/13 C. Light was provided by a s ingl e 
40 watt incandescent bulb providing 129 µEm-Zs-la t the 
level of the seeds. Petri plates in the dark treatme nt 
were wrapped in black plastic to exclude all light. Ten ml 
of distilled water were added to each plate and t he v ar -
ieties australis, salinus, and vitreus were used. The seeds 
were 4, 1, and 5 years old, respectively, at the t ime o f th e 
test. Five replications of 20 sacrified seeds each we r e 
used and total germination was counted after 7 0 d ays . 
Effects of salinity, temperature, and va riety 
This experiment was conducted as a 5 x 3 x 4 fac tor ial 
with one Petri plate of 25 seeds constituting the ex peri-
mental unit . Having one experimental unit per treat men t , 
the three-way interaction served as the variance ( Coc hr an 
and Cox, 1955). Five levels of salinity were stud i e d , ex -
pressed as water potential depression at 25 C; 0, - 2.18 , 
-4.31, - 6.41, and -8.52 bar solutions (Lang, 1967 ) were pre-
pared. These were applied to filter paper disks i n Petri 
plates containing the seeds. Each of the four v a r ieties listed 
below were represented at all salinity leve l s in three 10-hour 
night /1 4-h our d a y t emp erature a lt e rnatio n s; - 1/4 , 7/13, and 
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21/27 C, The Petri plat es ver P enclose d in plastic 
boxes to minimize evaporation. Germination was counted 
on the day following initiation of the experiment and every 
four days afterwards The varieties used were a~a~no~us, 
salinus, scorpionis, and vitreus. The seed had been collected 
approximately 5 months prior to the experiment and were 
of the same year's seed crop. 
Water poterttial tolerance~ 
This experiment was conducted to isolate ion toxicity 
from the effect of low water potential on germination. Three 
replications of 25 scarified and surface sterilized seed were 
suspended on nylon screens above NaCl solutions of 0, -2.43, 
-4 . 62, -6.88, and - 9.15 bars (Land, 1967) in Petri plates. 
These plates were then placed in a constant temperature bath 
at 25 C (after the method described by Cronin, 1965). Total 
germinations were counted 15 days later. 
Seedling Stage 
Temperature effects on pre-established 
seedlings 
To the seedling which has newly emerged from qu iescence 
the various damping off fungi (Pythium spp.) pose a major 
threat. Damping off may affect pre-established or established 
seedlings. The fungus is favored by tem pe rat ures near 23 C 
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on many plants of cool climates (Walker, J9 57) . 
This experiment was conducted to determine whether 
the seedlings of A. lentiginosus were more susceptible to 
damping off at elevated temperatures. Scarified seeds were 
planted 20 per row 1 cm deep in three sand-filled flats. 
Seeds of varieties araenosus, salinus, scorpionis, and 
vitreus (al l 7 months old) were used in three replications. 
One flat was placed in each of the following 10-hour night/ 
14-hour day temperature regimes: 4/13, 4/21, and 13/21 C. 
The flats were watered sufficiently to remain moist. Sur-
viving seedlings were counted at two-day intervals. 
Rate of root growth 
Forty scarified seeds of varieties araenosus, scorp-
ionis, and vitreus were placed in three separate root growth 
boxes filled with sand to which 250 ml of half-strength Hoag-
land's solution was added prior to watering. 
The root growth boxes were aluminum sided with a glass 
front 30 cm long x 10 cm wide x 37 cm deep. Individual roots 
were marked and their lengths recorded when the seedlings 
reached the opened cotyledon stage, the first true leaf 
apparent, and first true leaf opened stages. 
Previous experiments indicated that a 10-hour night/ 
14-hour day temperature alternation of 4/13 C was favorable 
for both germination and early seedling survival. This 
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-2 -1 
regime was employed in the pr esen ce of 640 µEm s radi-
ation provided by both fluorescent and incandescent lights. 
All boxes were kept in the same growth chamber. 
Effects of temperature, light, and water 
Seedings of var. salinus at the three and five leaflet 
stages which had been grown in pots in the greenhouse for 
three months were transferred to three growth chambers. In 
this 3 x 2 x 2 factorial three 8-hour night/16-hour day tem-
perature regimes were used: 2/30 , 18/30, and 2/15 C. Two 
levels of light were employed by adjusting the proximity of 
the seedlings to the growth chambers' lights. The high level 
-2 -1 
radiation was of 660 µEm s and the low level of 230 
-2 -1 µEm s at the seedling level. Temperature differences between 
the two radiation levels were measured by thermistors placed 
1 cm below the soil surface and at the level of the seedlings' 
leaves. The maximum temperature difference was a 2 C increase 
due to proximity to the lights. 
At the initiation of the experiment all pots were satur-
ated with water and allowed to sit for 24 hours before being 
placed in the growth chambers. Thereafter, water was added 
to individual subirrigating pans. Half of the plants received 
100 ml of water at four-day intervals for a total of 700 ml 
during the experiment . The low water series was watered 
once midway through the experiment with 100 ml. Three 
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replications were u s ed per tr eatme nt . 
To arrive at a measure of growth, the relative growth 
rate described by Sestak et al. (1971) was used. Total 
petiole length (from stem to first leaflet) and total number 
of leaflets were the parameters measured. 
RGR = (log wf. 1 - log e 1na e 
where: 
RGR = relative growth rate 
-1 
w. ·t 1 ) t 1n1 a 
W = total petiole length (mm)+ no. leaflets 
t = unit time 
Seedling internal water status 
The materials and methods used in this experiment closely 
follow those of Brown (1974). Throughout the following work 
Peltier three-wire thermocouple psychrometers were used in 
conjunction with an S-B Systems 600-A microvoltmeter output. 
Samples were placed in individual chambers of 0.5 cc volume 
in units containing six chambers. The construction of these 
sample units permitted a psychrometer to measure the water 
potential in an a n in dividual ch amber . Thus, each sample 
unit required six psychrometers. The sample units were made 
entirely of stainless steel. All of the psychrometers were 
calibrated prior to the experiment over NaCl solutions of 
0.5, 1.0, 1.5, 1.8, 2.0, 3.0, and 3.5 molalities. 
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All psychrometer reading8 we1~ 1~~~ ~fter an adequate 
equilibration time in a constant temperature water bath. 
The water bath consisted of an 18.5 liter insulated con-
tainer full of water which stood 25 cm above the laboratory 
bench on a styrofoam pad supported by wood blocks. This 
minimized heat transfer to the bench and allowed the water 
to vary slowly with ambient air temperatures in the lab. 
The water temperature varied from 25 to 26 C slowly enough 
that equilibrium was reached over the calibration solutions 
~fter two hours. Equilibrium was determined as that stage 
~t which microvolt output of the psychrometers was unchanged 
over 15-minute intervals. 
Seeds of varieties araenosus, scropionis, and vitreus 
were scarified and planted 1 cm deep in a sand-fi lled flat 
which measured 5 cm deep x 32 cm wide x 49 cm long. The 
ilat was placed in an incubator at a 10-hour night /14-hour 
day temperature regime of 7/13 C. The flat was watered 
until seedlings reached the cotyledon stage. By the time 
the cotyledons were unfolded the seedlings had been emerged 
from the soil about one week and were three weeks from the 
p lanting date. At this point sampling began. 
Each day two hours before the lights came on eight seed-
ling s of each variety were cut at the soil surface and placed 
in individual sample chambers. Immediately after the sample 
was in the chamber a stopper was fitted over the cham~er to 
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reduce evaporative loss. When six samp.1ei::; had oeen placed 
in the sample unit the stoppers were removed and the top 
half of the unit with attached psychrometers was secured 
to the lower half. The units were then placed in the water 
bath and allowed to equilibrate for 12 hours. After this 
time had elapsed the sample water potential was measured on 
the microvoltmeter output and the data recorded along with 
temperature o f the sample chamber. The sample units were 
then placed on dry ice for one hour and then returned to 
the water bath. After another 12 hours the osmotic+ matric 
potential was read and recorded . This process was repeated 
daily for ten days. The data in microvolts were then con-
verted to bars by means of the cali b ration curves and when 
necessary corrected to 25 C after the method of Wiebe (1971) . 
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RESULTS AND DISCUSSION 
Germination 
Dormancy 
The seed coat of A. lentiginosus is responsible for 
at least a portion of the dorman cy exhibited by the seeds. 
Without prior scarification, most seeds are incapable of 
imbibing water (Table 1). Following scarification all seeds 
of all three varieties (australis, salinus, and vitreus) 
imbibed water. Seeds of var. vitreus exhibited the lowest 
percentage of imbibition with only 20 percent of the unscari -
f ied seeds imbibing. Twenty-six percent of the seeds of var. 
australis and 25 percent of the seeds of var. salinus imbibed 
water prior to scarification. The impermeability of the seed 
coat to water was also reported by Baskin and Quarterman (1969), 
Gree n (1973) and Payne (1957) in their work with related species 
of Astragalus and Oxytropis. Baskin and Quarterman (1969) 
attribute this dormancy to an impermeable layer of the seed 
coat of Astragalus tennesseensis. My results, like those of 
Green (1973), demonstrate that mechanical sca rification is 
effective in overcoming this coat-imposed dormancy. 
Under natural field conditions this type of dormancy 
would tend to maintain a large bank of viable seeds in the 
soil . By slowly releasing seeds from dormancy, germination 
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Table 1. Percent of se eds of three varieties of Astrag-
alus lentigino sus imbjbing water by the end 
of a 45-day period in distilled water 
Var iety or A. 
lentig inosus 
salinus 
austral is 
vi treus 
Percent of seeds imbibing watera 
Un scarified Scarified 
26 a 
25 a 
20 a 
100 b 
100 b 
100 b 
8nata followed by the same letter are not significantly 
different as determined by Duncan's Multiple Range test 
at the 0.05 level of probability. 
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of any year's seed crou wo1 ld h~ disn~rsed through time. 
This would enable the species to withstand prolonged periods 
unfav orable for germination and survival (i.e., drought). 
Barneby's site descriptions (1964) of!· lentiginosus indi-
cate that the species tends to form "extensive colonies" or 
to be "locally abundant." This is probably due to the narrow 
range of dispersion offered to the small dense seeds and pods . 
Thus, the only parameter along which substantial dispersal 
may take place is time. 
Under field conditions one might expect this coat-impose d 
dormancy to be broken by mechanical or chemical scarification. 
Mechanica l scarification might result from frost heaving of 
the soil or sand and rock abrasion in overland water flow. 
Chemical scarification may be induced by soil microorganisms 
or may occur in the digestive tracts of animals . 
Leaching of the seeds with wate r after the seed has im-
bibed water stimulates germination (Figure 2). In this expe ri-
ment leached seeds of var. salinus began germinating three 
days before the untreated seeds. Though delayed in their 
in itial response, after a three-day delay unleached seeds to 
which leachate was added showed the most rapid rate of germin -
ation as well as highest ultimate germination. Unleached seeds 
in water germinate least. 
The lettuce hypocotyl test (Frankland and Wareing, 1960) 

Figure 2. Number of scarified seeds per 250 tested of 
Astragalus lentiginosus var. salinus germin-
ating in the dark at 0/15 C when subjected 
to various treatments. Points with the same 
capital letter above are not significantly 
different at the 95 percent confidence level. 
ld = leached 
ul = unleached 
la= seeds germinated on filter paper moistened 
with leachate 
dw = seeds germinated on filter paper moisten ed 
with distilled water 
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In another test with unleached seeds of var. Salinus 
the germination rate increased as concentration of the leach-
ate increased (Figure 3). 
The leachates of varieties australis and vitreus 
failed to enhance their germination, rather germination was 
inhibited (Figure 4). 
While it is evident that seeds of the varieties 
australis, salinus, and vitreus contain a water-leachable 
inhibitor, in the soil the substances leaching from the seed 
appears to have no appreciable effect on adjacent seeds of 
!· lentiginosus var. vitreus. When seeds were planted in 
sand at 0, 0.65, and 1.30 cm intervals, no significant dif-
ference in germination was measured due to interseed distance 
(Table 2). 
The results of these experiments indicate the presence 
of a promoter-inhibitor complex in the seeds of A. lentigin-
osus. A number of systems may be involved including germin-
ation promoters such as the gibberellic acids and cytokinin 
as well as the inhibitors abscisic acid and auxin. Knowledge 
of the activities and interactions of these substances remains 
limited and analysis is very complex. Therefore, this area 
of research was not pursued in this study. 

Figure 3, Number of seeds per 250 tested of Astrag-
alus lentiginosus var .. salinus germinating 
in the dark at 0/15 C when unleached; sacri-
fied seeds were plated in 5 ml of the specified 
solutions. Leachates were prepared by steep-
ing the specified number of seeds per unit 
volume of water and collecting the supernatant 
liquid portion . Points followed by the same 
letter are not significantly different at the 
95 percent confidence level. 
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Figure 4 .. Number of seeds germinating of 250 tested 
of Astragalus lentiginosus varieties vitreus 
and australis . Scarified seeds were incubated 
in the dark at 0/15 C. Leachates were prepared 
by steeping 336 seeds in one liter of distilled 
water for 24 hours and collecting the super-
natant liquid. Points followed by the same 
letter are not significantly different at the 
95 percent confidence level. 
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Table 2. Percent germination of seeds of Astragalus 
lentiginosus var. vitreus after 15 days. 
Seed was planted 1 cm deep in sand at 4/13 C 
at various interseed distances. 
Interseed 
distance 
( cm) 
0 
0.65 
1. 30 
Total percent 
germination a 
45 a 
35 a 
37 a 
aData followed by the same letter are not signifi-
cantly different at the 95 percent confidence level. 
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Such inhibitors could retard germination until enough 
water had passed through the soil profile to leach it from 
the seed. The inhibitor could thus p 8Vent ~erm ination afte r 
ephemeral rains, when the soil moisture would not be suffic-
ient to permit seedling establishment. 
Scarified seeds of var. scorpionis that were allowe d to 
imbibe water and then dry out twice before incubati on showed 
the same high germination as control seeds (Table 3). So , 
repeated drying of the imbibed seed does not impose second-
ary dor~ancy on these seeds. Seeds might imbibe water and 
dry out a number of times and as long as the seeds are not 
destroyed by fungus or bacteria, there will be no decrease 
in germination rate or viability. 
Air dried seed of var. vitreus showed no decline in 
germinability after storage at 20 to 30 C for 5 years. When 
germination of this 5-year-old seed was compared to that of 
6-month-old seed of the same variety, rates of 94 and 98 per-
cent, respectively, were noted. The difference was not sig-
nificant. This suggests that dry seeds may remain viable 
over extended periods of dormancy. 
Effects of temperature and light 
Total germination after 70 days was highest at the temper-
ature alternati o n 7/13 C where germination was 97 percent. At 
-1/4 C germination was 87 percen t and germination at 4/7 C was 
Table 3. Percent tota l germination of Astrag alus 
lent ig ·inosus var . sco r pio n is after 11 
days at 4/7 C 
a 
Number of times seed had 
imbibed water and dried 
for 12 hours 
0 
2 
Percent 
germination a 
98 a 
98 a 
Da t a followed by same letter a re not si g nificantly 
different at the 95 percent confidence level. 
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94 percent (Figure 5), The difference in germin ation was 
significant for all three temperature regimes. 
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The presence or absence of light of the intensity and 
quality studied had no effect on total germination. Seeds 
exposed to 14 hours per day of incandescent light of 129 
i,Em-2s-1 ~ showed 94 percent germination after 70 days, while 
seeds kept in the dark germinated at a rate of 91 percent. 
Seeds of varieties aust~al~s, salinus, and vitreus 
germinated at the significantly different rates of 97, 87, 
and 95 percent, respectively, after 70 days (Figure 6). These 
seeds of var. australis were 4 years old, while those of var. 
salinus were 1 year old and var. vitreus seed was 5 years old 
at the time of this experiment. The seeds had been stored at 
20 to 30 C prior to use. Storage for 5 years under these 
conditions resulted in no significant change in germinability 
of seeds of var. vitreus. Therefore, comparisons of germin-
ation among these varieties seems justified. No combination 
of effects in this experiment produced signific ant inter-
actions (Table 4). 
Effects of temperature, salinity, and variety 
In this factorial experiment germination over a49-day 
period was studied. Included were 4 varieties of~- lentigin-
osus1 5 salinity levels, and 3 diurnal temperature alternations. 
Pooling data from all levels of any two factors reveals the 
C 
0 
.,-4 
µ 
ctl 
t:: 
,,-4 
E 
Q) 
ClO 
µ 
C 
Q) 
C.) 
~ 
Q) 
,)... 
100 · 
RO 
60 
40 
20 
0 
J!. 
-1/4 C 
b 
-
4/7 C 
Temperatures 
7 /13 C 
Figure 5, J:>'ercent total germination at three 
diurnal temperature alternations, data 
are averaged for three varieties and 
two light levels in a factorial experi-
ment. Columns with same letter abo ve 
are not significantly different at th e 
95 pePcent'confidence level. 
44 
C 
0 
.,4 
µ 
Cd 
C 
.,4 
~ 
(l) 
OD 
µ 
C 
(l) 
(.) 
l,..i 
(l) 
~ 
l 00 
80 
60 
40 
20 
0 
a 
·r""P' 
salinus 
b 
r C ,-
australis · vitreus 
Variety 
Fi~ure ~. Perc;ent total germination of three 
varieties of Astragalus lentiginosus 
after 49 days. These data are averaged 
from three temperature and two light levels 
in -·a .fac .tortai.lexp~rimeat::~ . C6lumas3Wi-lf. 
same letter above are not significantly 
different at the 95 peroent confiden~e 
level. 
~5 
Table 4. Analysis of variance for temperature X variety 
X light factorial comparing these effects and 
their interactions on germination of seeds of 
Astragalus l~ntiginosus 
Source of Degrees of 
variation freedom 
Replications 4 
Temperature 2 
Variety 2 
Light 1 
Temperature X 
variety 4 
Temperature X 
light 2 
Variety X light 2 
Temperature X 
variety X light 4 
Error 68 
Total 89 
Mean 
squares 
7.961 
31.878 
32.413 
11. 398 
17 . 374 
5.088 
8.952 
16.345 
7.079 
F 
test 
4.503** 
4.579** 
1.610 
2.454 
0.719 
1.264 
2.309 
**=significant at the 95 percent confidence level. 
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net effect of the th i rd f act2 - on z~r~in ~t ion. 
Optimum germination of 59 percent occurred at 7/13 C 
in this experiment (Figure 7) . Thi s l ev el of germination was 
significantly higher than was noted under the other two tem-
perature alternations. Germination dropped to 43 percent at 
21/27 C and 37 percent at -1/4 C. Germination at the latter 
two temperatures is not significantly different. 
Germination decreased with increasing salinity. Germin-
ation of 90 percent in distilled water declined linearly to 
2 percent in NaCl solution with a water potential of -8.52 
bars (Figure 8). Seeds imbibed in solutions of as high a con-
centration as -188.8 bars but few germinations occurred in 
solutions of -8.52 bars. 
Seed of var. araenosus had the highest germination with 
57 percent germinating after 49 days (Figure 9). Its germin-
ation was significantly higher than that of var. salinus with 
44 percent, var. scorpionis with 41 percent, and var. vitreus 
with 45 percent germination. 
Although none of the overall interactions among tempera-
t ure, salinity, andvariety proved significant at the 95 percent 
confidence level (Table 5), mean comparisons among individual 
treatment levels yielded significant differences. Following 
are the results of mean comparisons within the three two-way 
interactions. Means for any two factors in the inte ractions 
are achieved by pooling the data for the third factor. 
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Table 5. Analysis of variance for temperature X variety 
X salinity factorial comparing these effects 
and their interactions on germination of seeds 
of Astragalus lentiginosus 
Source of Degrees of Mean F 
variation freedom squares test 
51 
Salinity 4 885.33 51.12*** 
Variety 3 44.42 2.56* 
Temperature 2 168.82 9.75*** 
Salinity X variety 12 11.55 0.67 
Salinity X temperature 8 29.98 1. 73 
Variety X temperature 6 27.68 1. 60 
S X V X T (error) 24 17.32 
Total 59 84.28 
* = significant at the 90 percent confidence level, 
*** = significant at the 99 percent confidence level, 
52 
All means represent total germination after 49 days. 
A significant increase in NaCl tolerance at the temper-
ature alternation of 7/13 C was indicated by germination re-
sponse (Figure 10). At this temperature regime germination 
was 16 percent at -4.31 bars and 13 percent at -6.41 bars 
salinity. At both temperature alternations -1/4 and 21/27 C 
germination at -4.31 bars was 8 percent and 4 percent at -6.41 
bars salinity. However, at all temperatures tested germination 
was not significantly different at 0 bars, where at the temper-
ature alternations -1/4, 7/13, and 21/27 C germination was 82, 
98, and 92 percent, respectively. Also, at all temperatures 
germination fell to near zero at -8.52 bars salinity. 
Comparison of the four varieties at the temperature 
alternations -1/4, 7/13, and 21/27 C reveals significantly 
higher germination of var. araenosus at low temperatures 
(Figure 11). At -1/4 C 59 percent of var. araenosus seed germ-
inated while only about 30 percent of the seeds of varieties 
salinus, scorpionis, and vitreus germinated. At 7/13 C var-
ieties vitreus and araenosus both germinated at 66 percent. 
This was significantly greater than the 46 percent for var. 
scorpibnis, but not significantly different from the 57 per-
cent germination recorded for var. salinus. No significant 
difference was noted at 21/27 C among the four varieties, all 
of which germinated near 44 percent. 
Var araenosus consistently exhibited the highest germ-
ination at increasing salinities (Figure 12). However, only 

Figure 10. Percent germination averaged for four var-
ieties of Astragalus lentiginosus after 49 
days as influenced by temperature and salinity. 
The F test for the salinity X temperature 
interaction was significant at the 90 percent 
confidence level. Points with the same letter 
above are not significantly different at the 
95 percent confidence level. 
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at -6.41 bars was germination of var. ara enosu s significantly 
higher than the germination of seeds of the other three var-
ieties tested. 
The most rapid germination occurred at 7/13 C in dis-
tilled water (Figure 13). Temperatures higher or lower than 
7/13 C slowed germination as did increasing salinity levels. 
At -1/4 C in distilled water, no germination was observed 
for the first eight days after initiation of the experiment 
but reached 82 percent after 49 days . 
The data indicate that the optimum temperatur es for 
germination, especially rapid germination, is probably 
within but certainly near the range of 7 to 13 C. The low 
temperature range slowed the process of germination and 
limited total germination significantly. The high tempera-
ture regime also slowed the germination rate with increasing 
salinity and significantly decreased total germination. Estab-
lishment of a large population of seedlings under field con-
ditions would be favored by diurnal temperature alternations 
similar to the 7/13 C regime used in this study. At these 
temperatures seedlings could emerge and establish themselves 
before moisture became limiting in the upper horizons of the 
soil. As spring advanced into summer, rising mean soil tem-
peratures accompany declining soil water potentials and 
increasingly precarious conditions for seedling establishment. 
The compounded effects of high temperature and salinity (or 
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low water potential) in lower·ng germination rate may 
ind jcate a mechanism for inhibiting late spring germination. 
The slow rate but ultimately high germination at the temper-
ature alternation -1/4 C suggests that seed could germinate 
thrcughout the winter in unfrozen soil (i.e., under a snow-
pack), and thus readily exploit the soil moisture with the 
advent of spring. 
Barneby (1964) notes that var. araenosus is the most 
common variety of A. lentiginosus over the former bed of 
Lake Bonneville. The aridity and general salinity of this 
area would select for plants able to germinate and establish 
themselves in saline soils early in the year before the accum-
ulated winter soil moisture was depleted. The high germination 
of var. araenosus at high salinity levels and low temperatures 
suggests adaptation to this habitat. 
Water potential tolerance 
Germination of seeds of var. araenosus placed above and 
allowed to germinate in equilibrium with NaCl solutions of from 
0 to -9.15 bars at 25 C declined with decreasing water poten-
tials less than -2.50 bars (Figure 14). Total germination 
declined from 60 percent above distilled water to 6.6 percent 
when germinated over a NaCl solution of -9.15 bars water poten-
tial. Comparison of these results with those of seeds of var. 
araenosus placed in NaCl solutions of from Oto -8.52 bars 
at 21/27 C indicates that immersion of the seeds in NaCl 
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solutions results in even lowe r g e rminatio n. Of co ur se, 
these two experiments are not directly comparable. The non-
toxic vapor equilibrium method by its very nature had to 
remain at constant temperature which has been observed to 
adversely affect germination (Villier, 1972). This may 
explain the differences in germination between the two methods 
at the higher water potentials of this experiment. 
The data indicate the Na+ and Cl - appear to have mildly 
toxic effects on seeds in addition to their effect of limit-
ing availability of moisture. However, depressions of germ-
ination due to both immersion in and placement above NaCl 
solutions are virtually parallel functions. This suggests 
that the ion toxicity is simply additive to the overall 
decline in germination due to increasing water stress. 
A number of factors affect both the rate and total 
germination of the seeds of the varieties of~. lentiginosus 
stud i ed. The following model is proposed to represent the 
influence of these facto rs and their interactions on germin-
ation. The model is proposed not as a final description of 
the germination process but as a guideline to future investi-
gations. The factors influencing germination may be inte-
grated into the following model: 
Where: 
Y = number of germinations per unit time 
f = a function of 
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I = number of sufficiently leached, imbibed seeds 
T = % germination at gi v en soil temp e rat ur e regime 
s = % germination at given soil water potential in 
the presence of toxic ions 
w = % germination at given soil water potential with 
no toxic ions present 
V = variety of Astragalus lentiginosus 
t = unit time 
Soil water potential consists of osmotic and matric 
components. If the osmotic component is even partly due to 
toxic ions, then the variable S would be used. If the soil 
V 
water potential is due to only non-toxic components and matric 
forces, then the variable W would be used. 
V 
Percent germina-
tion as a function of time, temperature, and water potentials/ 
toxic ions could be defined using the techniques of this study 
and integrated into charts like Figure 13. While only Na+ 
and Cl ions were studied in this work, many more ions could 
affect germination. Further investigation would be needed to 
identify them and evaluate their effects on germi nation. Fur -
ther investigation would be needed to identify them and eval-
uate their effects on germination. 
Seedling Stage 
Effects of temperature on pre-
established seedlings 
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Few emerging seedlings survive when daytime temper-
atures reach 21 C (Table 6). Most seedlings that did emerge 
at the diurnal temperature regimes (10-hour night/14-hour day) 
of 4/21 and 13/21 C exhibited signs typical of damping off 
disease. These signs consisted of degeneration of the root 
and withering of the aerial parts. Most seeds cultured under 
the diurnal temperature regimes 4/21 and 13/21 C either 
failed to germinate or failed to survive. At the end of 15 
days 29 percent of the seed produced healthy seedlings at the 
temperature alternation 4/13 C. 
The data suggest that at least under laboratory con-
ditions few healthy seedlings of the varieties araenosus, 
salinus, scorpionis, and vitreus will become established at 
warm temperatures. 
Rate of root growth 
At the temperature regime 7/12 C seedlings of var. 
araenosus exhibited the highest rate of root growth of 7.70 
-1 
mm day The other two varieties tested (scorpionis and 
vitreus) grew at the significantly lower rates of 6.15 and 
-1 3.80 mm day , respectively. While both var. araenosus and 
Table 6. Surviving seedlings and seedlings which had 
emerged and died as percent of total seeds 
planted after 15 days as influenced by three 
temperature regimes 
Temperature 
. a 
regime 
Variety of 
Astragalus lentiginosus 
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araeonosus salinus scorpionis vitreus 
4/13 C 
4/21 C 
13/21 C 
4/13 C 
4/21 C 
13/21 C 
38.3 a 
1.6 b 
1.6 b 
0 
0 
C 
C 
6.7 C 
Percent surviving seedlings 
25.0 a 
0 
0 
b 
b 
25.0 a 
0 
0 
b 
b 
Percent emerged and died 
0 C 
6.7 C 
1. 6 C 
0 
0 
C 
C 
1. 6 C 
28.3 a 
0 b 
3.3 b 
0 C 
6.7 C 
0 C 
aGrown in the presence of light in 14-hour daylengths. 
bData followed by the same letter are not significantly 
different at the 95 percent confidence level. 
65 
var . scorpionis seedlings produc ed at least one true leaf, 
none of the seedlings of var. vitreus unfolded the first 
truE leaf, although in some seedlings it had formed in the 
axiE of the cotyledons (Table 7). 
Variety araenosus has already exhibited adaptation to 
cold desert conditions by its ability to germinate at low 
temperatures and its salinity tolerance in germination. Its 
rapid rate of root growth may have a similar adaptive sig-
nificance by enabling the seedling to maintain contact with 
the mercurial water supply. Seedling roots of var. scorpionis 
display a similar, though lower rate of growth. Both vari-
eties araenosus and scorpionis are natives of the Great Basin 
which is characterized by largely cold season precipitation 
(Box et al., 1970). Variety araenosus seed were collected in 
a sa lt desert shrub community and var. scorpionis in a big 
sagejrush community. Var. vitreus is a native of the extreme 
soutiern Colorado Plateau and Mojave Desert. The absence of 
a st~ong precipitation peak at any time of the year (Box et 
al., 1970) may explain the differences in root growth between 
var. vitreus and the other two varieties. Certainly, further 
work is needed to reach definitive conclusions and learn 
whether the shallow root developed by var. vitreus was not 
mere y due to sub-optimal temperatures (Figure 15). 
Table 7. Average rates of growth and lengths of seedling roots of three varieties of 
Astragalus lentiginosus at various developmental stages 
Developmental 
stage 
Cotyledon 
First lea f 
apparen t 
First leaf 
opens 
Average rate for 
all growth stages 
after one monthb 
araenosus 
-Rate Length 
(mm/day) (mm) 
6.7 68.2 
12.3 161.4 
8.9 240.0 
7.7 a 
Var iety 
vitreus scorpion is 
Rate Length Ra.te Length 
(mm/day) (mm) (mm/day) (mm) 
4.0 54.1 4.9 64.5 
3 .. 0 117.4 6.5 125.4 
a a 9.4 203.2 ~ 
-
3.8 b 6.1 C 
¾ar. vitreus did not reach the first leaf open stage during the experiment. 
bnata followed by the same letter are not significantly different at the 95 per ·cent . confidence 
level,, 
O') 
O') 
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Figure 15. Generalized pattern of root growth 40 days 
after planting for seedlings of A. lentigirosus 
varieties araenosu s, vitreus, and scorp ion j s . 
var, araenosus var, vitreus ionis 
20 
40 
60 
80 
100 
120 
,.....,. 
E 
140 ~ 
160 
180 
200 
220 
0) 
00 
240 
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water on establish~d seedlings 
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Seedlings at three- and five-leaflet stage s of var. 
salinus grew best when exposed to daytime temperatures of 
30 C (Figure 16). Relative growth was estimated by meas-
uring the changes in total petiole length and total number 
of leaflets for each seedling. Growth of seedlings cultured 
under both 8-hour night/16-hour day temperature alternations 
of 2/30 and 18/30 C was greater by 206 percent and 205 percent, 
respectively , than seedlings grown at 2/15 C for a month. 
S dl . d · 1 d d 1· ht of 230 11Em-2s-l ee ings grown un er s1mu ate ay 1g ~ 
showed a 184 percent increase in above-ground growth over seed-
lings grown at the higher intensity of 600 µEm- 2 s-l (Figure 17). 
Under a water reg ime of 700 ml per month, seedling rela-
tive growth rate increased 230 percent over that of seedlings 
subjected to a watering regime of 100 ml per month (Figure 
18). 
The results indicate that seedlings in the three to five-
leaflet stage are no longer susceptible to disease as are pre-
established seedlings at 21 C. Indeed, the greatest relative 
growth was observed for seedlings of the three to five-leaflet 
stage of var. salinus cultured at daytime temperature alterna-
tions of 2/30 and 18/30 C. This indicates that those night 
temperatures studied had little effect on seedling growth. 
Light intensity of 660 µe had the effect of reducing 
seedling growth index as compared to seedling growth index 
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Figure lR. Relative growth rates of seedlings of Astragalus 
lentiginosus var, salinus after one month as 
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replications per treatment, Points with the 
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ferent at the 95 pe~oen,t , confideflce level. 
at 230 µe. However, the growth f o rm of the seedling was 
altered under this higher radiation and may account for 
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the lower production index . Seedlings grown under 660 ue 
generally had smaller leaflets and shorter petioles. This 
may have been a reaction of the seedling to the increased 
radiation load or to a possibly altered carbon to nitrogen 
ratio. Th.e purpose of the production index was to give a 
relative estimate of seedling growth. Measurement did not 
include root growth. In some species , root growth increases 
to the detriment of aerial growth under high carbon to nitro-
gen ratios resulting from exposure to high light intensities 
(Maximov and Lebedincev, 1923). This wasn't necessarily the 
case in this experiment but net production would have been 
better estimated by weighing the potted seedlings before 
and after treatment at soil fi e ld capacity. 
By treating the seedlings with different watering 
regimes it was hoped to expose any interactions between 
temperature, light, and water. No interactions were sig-
nificant (Table 8). 
Seedling internal water status 
As seedling water potential declines, pressure 
potential similarly drops to zero and then becomes negative. 
After reaching a minimum point pressure potential appears 
to rise again to zero. The relationship was noted for all 
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Table 8. Analysis of variance for relative growth rates 
of seedlings of Ast ·ragalus lent iginosus var. 
salinus grown under various temperature, radia-
tion, and soil water regimes 
Source of Degrees of Mean F 
variation freedom squares test 
Replications 2 0.000618 
Temperature 2 0.000991 4.409** 
Radiation 1 0.002169 9.645*** 
Water 1 0.003754 16.693*** 
Temperature X radiation 2 0.000594 2.645 
Temperature X water 2 0.000309 1. 374 
Radiation X water 1 0.000017 0.008 
Temperature X radiation 
X water 2 0.000863 3.840 
Error 22 0.000225 
Total 35 0,000504 
** = significant at the 95 percent confidence level. 
***=significant at the 99 percent confidence level. 
75 
three varieties tested (Figures 19, 20, and 21). Regres-
sion analysis (Ostle, 1963) of the data yielded the follow-
ing mathematical models: 
var. - vi treus 
var. 
var. 
where: 
Y = 1.765 + 0.323X + 0.004X 2 
araenosus 
A 
0.003X 2 y = 0.587 + 0.236X + 
scorpion is 
A 
0.001X 2 y = 0.693 + 0.144X + 
Y = predicted pressure potential 
X = seedling water potential 
For all three varieties the tendency of the data to 
follow the "J" curve described by the models is strong 
(highly significant F test values). The models for all three 
varieties were significant at the 99 percent confidence level. 
For all three varieties, however, the deviations about the 
regression line 
(Table 9). The 
were considerable, resulting in low r 2 values 
2 low r values were probably due to differences 
among individual seedling vigor and development. Also, the 
heterogeneity of cells composing the seedling samples may 
have contributed to the error. Nonetheless, the relationship 
between seedling water potential and pressure potential is 
similar to that reported by Noy-Meir and Ginzburg (1969) as 
well as Brown (1974). 
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vitreus. 
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potential and pressure potential for var-
iety scoroionis. 
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Table 9. Regression analysis for water potential-
pressure potential models for seedlings of 
Astragalus lentiginosus varieties vitreus, 
araenosus, and scorpionis 
Source of Degrees of Mean F 
variation freedom square ratio 
var. vitreus 
Total 85 10.002 
X 1 280.076 42.033*** 
X squared 1 208.470 31.287*** 
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r 
Model 2 148.590 22.310*** 0.35 
Error 83 6.663 
Model : y = 1. 765 + 0 . 323X + 0.004X 2 
var. araenosus 
Total 82 11.500 
X 1 218.673 24.275*** 
X squared 1 183.866 20.412*** 
Model 2 111.188 12.344*** 0.24 
Error 80 9.008 
Model: y = 0.587 + 0.236X + 0.003X 2 
var. scorpion is 
Total 80 7.641 
X 1 65 . 777 9.546*** 
X squared 1 49 . 154 7.133*** 
Model 2 36.920 5.358*** 0.12 
Error 78 6.890 
Model: Y = 0.693 + 0.144X + 0.001X 2 
A 
y 
X 
*** 
= 
= 
= 
predicted pressure potential. 
seedling water potential . 
significant at the 99 percent confidence level. 
Psychrometric determinatio n of pres sure poten tial 
is in the embryonic stage of development . Considerable 
further research and refinement of techniques is needed 
before the value of this method is known and valid inter-
pretation of the results is possible. 
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SUMMARY AND CONCLUSIONS 
While locoism disease and its causes has been recog-
nized for over a hundred years, most of the research has 
been directed toward the animals involved. Little research 
has been completed on the ecology and life histories of the 
plant species. Astragalus lentiginosus Dougl., one of the 
principal locoweeds of western North America, consists of 
36 varieties. The objectives of this study included the 
identification of some of the principal factors affecting 
germination of the seed and survival of the newly estab-
lished seedlings for several of these varieties. 
The influence of several factors such as mechanisms 
of dormancy, light, temperature, and salinity on germination 
of seeds of several varieties of A. lentiginosus were 
studied. 
Seeds of all three varieties of~- lentiginosus tested 
appeared to possess two dormancy mechanisms. One is a seed coat 
which is impermeable to water because without prior scarifica-
tion only about 22 percent of the year's seed crop will imbibe 
water. After scarification 100 percent of the seeds imbibed 
water. This impermeable seed coat might maintain a large 
seed bank in the soil and affect dispersion of germination 
through time. The other dormancy mechanism is in the form of 
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a water-leachable inhibitor. This inhibitor appears to be 
effective in preventing germination until it has been leached 
from the seed or until the seed has remained wet for a suf-
ficiently long period to allow the inhibitor to diffuse from 
the seed. This may prevent germination after ephemeral rains. 
The presence of absence of light had no effect on germination 
within the range of light qualities and intensities studied. 
Of three temperature regimes studied, the regime of 7/13 C 
proved optimal for both total and rapid rate of germination. 
This suggests that optimal germination temperatures under 
field conditions occur in the fall and spring. However, 
though germinating at lower rates, seeds at -1/4 and 21/27 C 
both ulitmately reached high percentages of germi nation. 
Germination decreased linearl y with in creasi ng salinity to 
almost zero in NaCl solutions of -8.52 bars water potential. 
Var. araenosus, collected in a salt desert shrub vegetation 
type, showed the highest germination at low tempera tures and 
the greatest salinity tolerance. The other varieti es studied 
were not significantly different in their germination response 
to salinity or temperature. 
Seedling survival work was done with both pre-
established and established seedlings at the cotyledon to 
five leaflet stages of development. Seedlings were considered 
pre-established from the time of germination until the cotyl-
edons were completely unfolded. Afterwards the seedlings 
were regarded as establ i hed. Vario 11s evviron mental 
effects on growth, rates of root growth and the internal 
water relations of seedlings were studied. 
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Germination and survival of pre-established seedlings, 
under laboratory conditions, were inhibited by day temper-
atures of 21 C. Maximum emergence and survival occurred at 
the low temperature regime of 4/13 C. However, seedlings of 
the three to five leaflet stages grew best at day temperatures 
of 30 C; growth was substantially lower at lower temperatures. 
Rate of seedling root growth was studied for varieties 
araenosus, scorpionis, and vitreus at 7/12 C. Seedlings of 
var. araenosus displayed the most rapid growth while var. 
vitreus seedlings grew at a rate nearly 50% slower. 
Both varieties araenosus and scorpionis are natives 
of the Great Basin, where the bulk of the yearly precipita-
tion falls in the cold season. Seedlings of both of these 
varieties produced rapidly growing, deep roots. High germ-
ination at 7/13 C and this rapid root growth may suggest a 
response to selective pressures not only to germinate early 
in the year but to maintain root contact with the rapidly 
receding winter moisture supply in the soil. Variety vitreus 
is native to the Mojave Desert and the extreme southern 
Colorado Plateau . The more widely dispersed precipitation 
pattern in this area might select for seedlings able to 
utilize surface soil moisture and, thus, develop shallow 
root systems. This may exp l ai n the slow se edling root 
growth exhibited b y th i s v a r iet y. 
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